Nine potato cultivars (genotypes) were grown under three different locations, Alexandria governorate, Egypt during the summer seasons of 2011and 2012 to determine some genetically parameters affecting potato breeding programs. Phenotypic (p) and genotypic (g) variability and their respective coefficient of variations, genetic advance, and broad-sense heritability, correlation coefficients among all pairs of some important potato characters along with direct and indirect effects of some traits on potato yield trait were studied .The obtained results showed that all the morphological, yield and yield component characters showed highly affecting with the genotype by environment interaction (G X E). The genotypic and phenotypic coefficients of variations had nearly equal values for the characters tuber dry matter, tuber specific gravity and tuber shape index. This result appeared that these traits were not seriously affected by the changes in the environmental factors, indicating a highly significant effect of genotype on phenotypic expression and thus would reflect positive effects for selection during the cycles of the breeding program. The characters plant length (cm), total yield (ton/fed.), No. of tubers/plant, marketable yield (%) and reducing sugars (%) possessed moderate heritability values. Accordingly, it might be stated that phenotypic selection for these characters would be reasonably effective. High heritability value along with high genetic advance as per cent of the mean was obtained for average tuber weight (gm) and tuber shape index traits. Hence, selection for the previous characters would prove quite effective since the characters seemed to be governed by additive genes action. Tuber yield (ton/fed.) showed highly positive correlation with each of the characters plant length (cm), foliage fresh weight (gm), No. of tubers/plant, average tuber weight (gm) and marketable yield (%). No. of tubers/plant and average tuber weight traits showed positive direct effects on the total tubers yield per feddan. Plant length (cm) and marketable yield (%) characters have indirect positive effects on total tuber yield per feddan through its positive relations with both No. of tubers per plant and average tuber weight (gm).
INTRODUCTION
Potatoes are one of the most important crops around the world. Potato is a plant belonging to family Solanaceae. There are about five thousand potato varieties worldwide. Apart from the five thousand cultivated varieties, there are about 200 wild species and subspecies, many of which can be cross-bred with cultivated varieties, which have been done repeatedly to transfer the resistances to certain pests and diseases from the gene pool of wild species to the gene pool of cultivated potato species. The major species grown worldwide is Solanum tuberosum (a tetraploid with 48 chromosomes), and modern varieties of this species are the most widely cultivated (http://en.wikipedia.org/wiki/Potato#Genetics).The total area planted with potatoes, according to estimates of the Egyptian Ministry of Agriculture for the year 2012 about 200 thousands feddan spread over three seasons (summer, nili and winter) with a total production reached more than 2 million tons, with an average productivity about 10 tons per feddan. It was recorded more than one hundred potato cultivars are handling in Egyptian markets.
The amount of variability that exists in the germplasm collections of any crop is of utmost importance towards breeding for better varieties. Particularly, genetic variability for a given character is a basic prerequisite for its improvement by systematic breeding (Tsegaye, et al., 2007) . Estimates of various parameters for assessment of genetic variability viz., mean range of variation, heritability, genetic advance and coefficients of variation help the plant breeders in devising suitable plant type by bringing improvement in quantitatively inherited traits (Naik et al., 2012) .
Potato is highly heterozygous and although self pollination is the main pollination, cross pollination is happening with insects especially with bees so it is considered that many of the traits show continuous variation. Since it is highly heterozygous, there is extensive variability within the species, which is available for exploitation by plant breeders (Jones et al., 1986) . Therefore, this research aimed to understanding the nature and extent of variability among numbers of potato cultivars and studying the inheritance of potato attributes throughout estimating number of genetic parameters such as genotypic and phenotypic variability magnitudes, heritability, genotypic and phenotypic coefficient of variations and genetic advance. Phenotypic correlation coefficients among each pairs of the studied characters and the direct and indirect effects of some important characters on potato yield were considered as aims of this study.
MATERIALS AND METHODS
Nine potato cultivars (genotypes) were imported from Netherlands. These cultivars were Agria, Arinda, Diamant, Lady Rosetta, Marfona, Monalisa, Picasso, Spunta, and Vivaldi. These cultivars were grown during the two successive summer seasons of 2011 and 2012 at three different locations, i.e., El-Nahda region, Sabaheya experimental farm and Abees region, Alexandria governorate, Egypt. The characteristics of these cultivars were tabulated in Table ( 1), these characteristics were obtained from the Netherlands catalogue of potato varieties (2000) . Planting take place on the first of January in both years, using cut potato seeds. Tuber seeds were planted in rows, 70 cm in wide, 6.0 m long and at spacing of 30 cm within rows. All the agricultural practices used for commercial potato production, as common in each area, were carried out in both years. Measurements 1-Vegetative growth and yield parameters: Ten whole plant samples per plot were randomly chosen, 90 days after planting, for the determination of the vegetative growth parameters (plant length (cm) and number of branches). Tuber yield parameter was calculated for a plot (16.8 m 2 ) and then attributed to yield per feddan (3800 m 2 ). Tubers yield was also determined for randomly choose ten plants then the average tuber weight and the numbers of tubers per plant were calculated.
2-Physical characteristics:
Random samples 0f 20 tubers per cultivar from each replicate were used to measure the physical characteristics of the tubers; tuber length and diameter were measured to calculate the tuber shape index (L/D). Tuber specific gravity was determined by weighting a certain weight of tubers for each cultivar, then the specific gravity was computed according to the following equation:-Tuber's weight in air
Tuber's weight in air -Tuber's weight in water 3-Tuber quality: Random samples of 10 tubers per cultivar from each replicate were used to determine the following characters: a-Tuber dry matter (%) was carried out by weighing a certain weight of fresh tubers and then dried at constant weight. 
Experimental design and statistical analysis
Each experiment consisted of nine cultivars; each one was grown in four rows in each of the three replications. The experiments were arranged in a randomized complete blocks design (R. C. B. D), with three replicates. Collected data of the two years of 2011 and 2012 were subjected to a combined analysis of the variance as outlined by McIntosh (1983) , in which, replications and years were considered as random effects in the mathematical model; while, the cultivars and locations were fixed. Analysis of data was carried out using the MSTAT (1991). The ANOVA and the expected mean squares are presented in Table ( 2). Phenotypic and genotypic variances were calculated using the method suggested by Burton and Devane (1953) . (l-1) M9 δ 2 e + ly δ 2 r + ry δ 2 l Years (Y) (y-1) M8 δ 2 e + ly δ 2 r + rl δ 2 y L × Y (l-1)(y-1) M7 δ 2 e + ly δ 2 r + r δ 2 ly Repl./L/Y (r-1)ly M6 δ 2 e + ly δ 2 r Cultivars (g)
(v-1) M5 δ 2 e + rly δ 2 g g × L (g-1)(l-1) M4 δ 2 e + rs δ 2 gl g × Y (g-l)(y-1) M3 δ 2 e + rl δ 2 gy g × L ×Y (g-1)(l-1)(y-1) M2 δ 2 e + r δ 2 gly Error (g-1)(r-1)ly M1 δ 2 e Where, l, y, r and g are numbers of locations, years, replicates and cultivars, respectively. In this respect:-δ 2 p = δ 2 g+ δ 2 gy + δ 2 gl + δ 2 gly + δ 2 e Where: δ 2 p = Phenotypic variance, δ 2 g = Genotypic variance, δ 2 gy = Variance of genotypic x year interaction, δ 2 gl = Variance of genotypic x location interaction, δ 2 gly = Variance of genotypic x location x year interaction, δ 2 e = Environmental variance (error mean square).
Variance components values were used to calculate the genotypic variance and its combinations with the various environmental variables as follows :
Estimation of genetic parameters:
Genetic parameters were estimated for different traits of potato cultivars.
Genotypic and phenotypic coefficient of variation (G.C.V and P.C.V)
The genotypic and phenotypic coefficient of variation was computed according to Burton and Devane (1953) and expressed as percentage.
Where: δ 2 g = Genotypic coefficient of variation; δ 2 p = Phenotypic coefficient of variation; X = General mean of the each studied character PCV and GCV values were categorized as low, moderate and high values as indicated by Sivasubramanian and Menon (1973) as follows: 0-10% low; >10-20 % moderate; >20% high.
Heritability (H%)
Heritability in the broad-sense was calculated for the different traits, as elicit by Collins et al. (1987) , from the following formula: H% = δ 2 g / (δ 2 g + δ 2 m) X 100 Where; δ 2 m = δ 2 gl / l + δ 2 gy / y + δ 2 gly / ly + δ 2 e / rly where; δ 2 g is the genetic variance; δ 2 m is the expected variance of a genotypic mean; δ 2 gl / l is the variance due to interaction of genotypes x locations; δ 2 gy / y is the variance due to interaction of genotypes x years; δ 2 gly / ly is the variance due to interaction of genotypes x locations x years; and δ 2 e / rly is the error variance.
Genetic advance (GA)
The extent of genetic advance to be expected by selecting five percent of the superior progeny was calculated by using the following formula given by Robinson et al. (1949) . GA= i δp h² Where: i = Efficiency of selection which is 2.06 at 5% selection intensity. δp = Phenotypic standard deviation. h² = Heritability in broad sense.
Genetic advance as per cent of mean (GAM)
GAM as per cent of mean where calculated as illustrated by Johnson et al., (1955) . GAM = (GA/X) x 100; Where: GA= Genetic advance; X = General mean of a character. The GAM as per cent of mean was categorized as low, moderate or high as follows: 0 -10% Low; 10-20% Moderate and more than 20% High (Johnson et al., 1955) .
Correlation coefficient and path-coefficient analyses
Simple correlation coefficients (r) were calculated for each pairs of the studied traits as shown by Dospekhove (1984). Path-coefficient was calculated as initially proposed by Wright (1921 and 1934) and later described Williams et al. (1990) .
RESULTS AND DISCUSSION
Mean performances of the tested potato cultivars for the studied characters:
The data of Tables (3 and 4) showed that the tested potato cultivars were significantly differed genetically for all the studied characters. These results are in accordance with the results obtained from the data of the Tables of mean squares for cultivars (genotypes) mean squares of all the studied characters (Table, 5 ). In this respect, the cultivar Picasso possessed the highest yield, where this cultivar gave the tallest plants, highest number of tubers per plant, high foliage fresh weight and highest average tuber weight values. The cultivar Diamant gave the lowest yield, where this cultivar appeared low values for plant length and number of tubers per plant. With respect to the tuber quality characteristics, the cultivar Vivaldi gave the highest percentage for dry matter, specific gravity and starch content traits. The values of the total sugars percentages ranged from 7.07% for the cultivar Arinda to 6.21% for the cultivar Monalisa; while the values for reducing sugars percentages ranged from 3.17 for the cultivar Diamant to 2.57% for the cultivar Agria. These significant differences among the tested cultivars are in agreement with the results obtained by Moussa (1995) and Pérez et al.,(2009) Baker (1988) and Yang and Baker (1991) . The data presented in Table ( 5) of the combined analyses of variance, clear that most of the studied morphological, yield components and tubers quality characteristics showed strong dependence on the environmental factors. The significant and highly significant environmental main effects (year and location) indicated that there were fluctuations in the environmental conditions throughout the different experiments of the present investigation.
The results reflected significant and highly significant effects for the environmental combinations (year X location interaction) on the performances of most of the studied characters.
The presence of the effects of such interaction suggested that climate was a significant factor in location differences affecting these characters from year to year. All the studied characters showed highly significant genotypic differences indicating that the evaluated cultivars differed in their genetic potential with respect to these characters. A similar conclusion was reached by Harris (1974) and Estévez (1984) . The first-order interactions (cultivar X year and cultivar X location) appeared to be significant for most studied characters indicating that the evaluated cultivars did not respond similarly, when grown under individual environments. In other words, the significant cultivar X year interaction, indicated that the cultivars tended to rank differently when grown at different years or different locations, as mentioned also by Abd El-Moneim and Cocks (1993). A similar conclusion was reached by Yildirim and Caliskan (1985) ; Lynch and Kozub (1988); El-Hity (1994) and Moussa (1995) . The effects of the second-order interactions (cultivar X year X location), which would be considered as the genotype X environment interaction, showed highly significant differences on all the performances of the studied morphological, yield and yield components characters, as appears from Table (5) . For tuber quality characteristics; Tuber starch content, total and reducing sugars contents, showed highly significant differences for cultivar X year X location interaction. Such result, generally, suggested that the evaluated cultivars showed different responses, with regard to most of the studied characters, when grown under different environments. Similar results were also reported by the investigators Miller et al. (1959) and Fernandez and Chen (1989) . Accordingly, it seemed that these characters should be measured over multiple locations, and years to separate cultivar X environment interaction components from total genotypic variance, as stated by Yildirim and Caliskan (1985) .
Genetic parameters:
Partitioning the variance into its components is of prime importance for the breeder, where it gives indicators to the magnitudes of these components and their effects on the response of the studied characters to improve the outcome of the breeding programs. The data presented in Table  ( 6) revealed that the genotypic variance represented large portion from the total variance (more than 25 %) for the characters; average tuber weight, marketable yield, tuber dry matter, tuber specific gravity and tuber shape index. The other studied characters; except for reducing sugars, showed that the variances due to the interactions between genotypes and the environmental factors (δ²gy, δ²gl and δ²gyl) playing an important role in affecting on the performance these characters. These results meant that these types of interactions should be concerned with the genotypic performance under different environmental conditions. The error variance for reducing sugars trait seemed to be had relatively large portion in magnitude in comparison with the calculated values of the total variance. In such case, a relatively larger number of replications should be used to give a better estimation for the error variance.
The estimated values of genotypic and phenotypic coefficients of variation are presented in Table ( 6) . The data showed that these two parameters were found to have nearly equal values for the characters tuber dry matter, tuber specific gravity and tuber shape index. The previous result indicated that these traits were not seriously affected by the changes in the environmental factors, indicating a highly significant effect of genotype on phenotypic expression, thus would reflect positive effects for selection during the cycles of the breeding program. The other studied traits showed large differences between the two parameters (G.C.V. and P.C.V.), indicating that these characters was significantly affected by the environmental conditions. be considered simultaneously as high heritability will not always be associated with high genetic advance (Johnson et al., 1955) . The values of genetic advance help in understanding the type of gene action involved in the expression of various polygenic characters. High values of genetic advance are indicative of additive gene action whereas, low values are indicative of non-additive gene action (Singh and Narayanan, 1993) . Thus the heritability estimates will be reliable if accompanied by a high genetic advance. The expected genetic advance was expressed here as percentage of genotypes mean for each studied characters so that, comparison could be made among various characters, which had different units of measurement. Progress that could be expected from selecting the top 5% of the genotypes (GA), (Table,  6 ), ranged from 0.02 for the tuber specific gravity up to 28.19 for the average tuber weight; while the genetic advance, as a percentage of mean, ranged from 1.81% for tuber specific gravity to 37.24% for average tuber weight (Table, 6 ). Some of the studied characters showed moderate to high genetic advance values (more than 10%); i.e., plant length, total yield (ton/fed.), No. of tubers/plant, average tuber weight, marketable yield, tuber dry matter, reducing sugars and tuber shape index. The other studied characters; i.e., No. of branches/plant, foliage fresh weight, tuber specific gravity, tuber starch content and total sugars, showed low genetic advance values. The data of broad-sense heritability values for the studied characters are recorded in Table (6) . Heritability percentage, which specifies the proportion of the total variability that is due to genetic variance, was low (h 2 bs<33.33%) for No. of branches/plant, foliage fresh weight, tuber starch content and total sugars. These results indicated that phenotypic selection for the mentioned characters did not seem to be effective. The characters plant length, total yield, No. of tubers/plant, marketable yield and reducing sugars possessed moderate heritability values (33.33% < h2bs < 66.66%), as appears in Table (6) . Accordingly, it might be stated that phenotypic selection for these characters would be reasonably effective. The characters; which possessed high heritability values (h 2 bs > 66.66%); i.e. average tuber weight, tuber dry matter, tuber specific gravity and tuber shape index indicated that phenotypic selection for such characters would be highly efficient. Swarup and Chaugale (1962) reported that high heritability along with high genetic advance is an important factor for predicting the resultant effect for selecting the best individual genotypes than heritability values alone. In the present study, high heritability value along with high genetic advance as per cent of the mean was obtained for the two traits average tuber weight and tuber shape index (Table, 6 ). As stated by Panse and Sukhatme (1964) , high heritability values associated with equally high genetic advance is chiefly due to dominance and epistasis, the genetic gain would be low. Hence, selection for the mentioned characters (average tuber weight and tuber shape index) would prove quite effective since the characters seemed to be governed by additive genes action.
Correlation coefficients and path analysis:
Information on the interrelationships of tuber yield with its component characters and also among the component characters themselves would be useful to the breeder in developing an appropriate selection strategy. Since, yield is a complex character and influenced by number of traits and selection based on yield is usually not much effective, indirect selection on the basis of desirable component characters could be of great use. Data presented in Table (7) showed that correlation coefficient values were positive and significant or highly significant for the following pairs of characters: -Plant length with each of; total yield, No. of tubers/plant, average tuber weight and marketable yield. Data presented in Table (7) showed that each pairs of the following characters were either significant or highly significant, but negatively correlated: -Total yield with tuber specific gravity.
-Average tuber weight with tuber specific gravity.
-Tuber dry matter with total sugars. -Tuber specific gravity with total sugars. It could be concluded from the previous results that plant length, average tuber weight, No. of tubers/plant, average tuber weight and marketable yield are good indicators for the prediction of high crop production per feddan. Similar results were also obtained by Moussa (1995) , Arsalan (2007), Khayatnezhad et al., (2011) and Al-jarmuozi (2012).
Data of Table (8) demonstrated that there is a large and mainly positive direct effect of both No. of tubers/plant and average tuber weight on the total tubers yield per feddan. These direct effects of the No. of tubers and average tuber weight on the total yield per feddan reached 0.4583 and 0.4635, respectively from the total direct effects of the studied characters. The data of Table (7) appeared that tuber yield per feddan seemed to be closely and highly positive correlated with both No. of tubers per plant (0.8527) and average tuber weight (0.8498), respectively. It could be seen from the previous results that direct selection for the largest number of tubers per plant and or the highest average tuber weight value may be effective to induce highly potato tuber production per feddan. Data shown in Table ( 8) demonstrated that, plant length and marketable yield characters have indirect positive effects on the total tuber yield per feddan through its positive relations with both No. of tubers per plant ( 0.3020 and 0.3212) and Average tuber weight (0.2870 and 0.3693). The residual effect value reached 0.2702 and this means that the unexpected variation in phenotypic level was 27%.
It also indicated that 73% of variations for the total production per feddan are indicated in this study. The results by Ara et al. (2009) indicated that main shoot number showed highest positive direct effect on tuber yield followed by fresh weight / plant at 80 days after planting and number of leaves per plant. The authors illustrated that selection based on the previous mentioned characters would give better response to the improvement of fresh tuber yield in potato. Similar results were also reported by Hayder et al., (2009) . Al-jarmuozi (2012) stated that the character tuber yield per plant had direct positive effect on the total yield per feddan. The author demonstrated that average tuber weight and plant height had indirect positive effects on the total tuber yield per feddan through its relation with the tuber yield per plant. It could be concluded from the previous results of the path analysis that the main factors affecting the high tuber yield per feddan are the number of tubers per plant and the average tuber weight characters. 
Conclusion
The environmental factors have important effects on the phenotypic selection for most of the potato traits studied especially the morphological and yield component characters, which lead to impede progress during the selection program. Selection for high tuber yield (ton per feddan) trait showed large dependency on the characters number of tubers per plant and average tuber weight characters, therefore, interesting with these two characters during the selection program is highly conducive to improving the potato crop yield. Estimation of the parameter genetic advance along with the heritability estimate values provide the breeder with important information about the gene action affecting the character studied and thus leads to faster access for the breeding program objectives through the least possible breeding cycles. 
